Transforaminal epidural steroid injections are known to reduce inflammation by inhibiting synthesis of various proinflammatory mediators and have been used increasingly. The anti-inflammatory properties of opioids are not as fully understood but apparently involve antagonism sensory neuron excitability and pro-inflammatory neuropeptide release. To date, no studies have addressed the efficacy of transforaminal epidural morphine in patients with radicular pain, and none have directly compared morphine with a tramadol for this indication. The aim of this study was to compare morphine and tramadol analgesia when administered via epidural injection to patients with lumbar radicular pain.
INTRODUCTION
Chronic radicular pain is often accompanies by lumbar disc herniation, spinal stenosis, or degenerative spondylolisthesis. Lumbar disc herniation is the most common cause of such pain, which typically radiates from the back into the leg along dermatomal distribution of an irritated nerve root. Moreover, there is evidence that herniated nucleus pulposus also generates intense inflammation, so epidural injection of corticosteroids constitutes a reasonable treatment option [1, 2] . Indeed, research suggests that this approach is corroborated by the biochemical construct of radicular pain [3] .
Epidural steroid injections do relieve radicular pain and may be given via interlaminar, transforaminal, or caudal route. Transforaminal epidural steroid injections for the treatment of lumbar radicular pain have become more commonly used in the last years [4] , with ant-inflammatory effects of steroids credited for therapeutic success [5] . In previous studies, 55%-84% of patients reported shortto moderate-term pain relief [4, 6] . In contrast, periradicular infiltration of steroids is comparatively ineffective [7] , possibly owing to the lack of significant systemic inflammatory component in milieu of chronic low back pain [8] .
The presence of opioid receptors at the spinal level has been well known for many year, and the excellent analgesia provided by morphine post-operatively and/or post-cesarean section is well-known [9] [10] [11] . Tissue injury and inflammation leads increased expression of dorsal root neuronal opioid receptors [12] . Opioid analgesia is thus consequence of inhibited sensory neuroral excitability, in addition of pro-inflammatory neuropeptide release [13] .
There is little literature, however, on the use of opioid to treat radiculopathy. According to one article [14] , CTguided selective nerve root infiltrations with the supplement of tramadol is found to be highly effective for treatment of persistent radiculopathies. Tramadol has a lower affinity to opioid receptors than others, mainly on μ-receptors, but it also inhibits the reuptake of serotonin and noradrenalin. In its intravenous form, it is a well-established analgesic and has proved safe and effective in epidural applications for pain, especially in postoperative pain relief [9, 14, 15] . However, in comparing cervical epidural steroid injection with and without morphine in chronic cervical radicular pain, no differed in pain reduction [16] .
There is no published report on the efficacy of transforaminal epidural morphine in patients with radicular pain, and no direct comparisons of morphine and tramadol have yet been reported this indication. The aim of the present study was to comparing morphine and tramadol analgesia when given via epidural injection to patients with lumbar radicular pain.
MATERIALS AND METHODS
This randomized, single-center study study was conducted with the full approval of the local Institutional Review Board and written informed consent was obtained from all subjects. A total of 59 patients between 18 and 80 years, of age were enrolled for treatment and then followed for 3 months. All had a diagnosis of lumbar radicular pain based on pain distribution and magnetic resonance imaging (MRI) showing intervertebral disc herniation, spinal stenosis, or other spinal disease. Exclusion criteria were as follow: oral, peripheral, or epidural steroid use within prior 3 months, oral temperature greater than 100.4, pregnancy, cognitive impairment, inability to give consent, use of aspirin, clopidogrel, warfarin, or heparin in the prior 2 weeks, history of bleeding disorders, history of lumbar surgery and, axial pain.
The same anesthesiologist performed each C-armguided transforaminal epidural injection (TFEI) (of affected nerve root) on outpatient setting. In patients with S1 radiculopathy, the needle was placed into the foramen at S1 at the level of the L5/S1 disc. Correct needle placement was verified by application of 0.5 ml of a contrast agent. Patients were randomly allocated to 1 of 2 groups, receiving TFEI of 0.2% ropivacaine (1 ml) in combination with morphine sulfate 2.5 mg (2.5 ml) or tramadol 25 mg (0.5 ml) plus normal saline [17] . Required volumes were extrapolated from contrast needed to desired coverage. Patients then were observed for 2 hours, noting any adverse effects during or after the injection.
The primary outcome parameter was lower extremities radicular pain as measured by a numeric rating scale (NRS). Patients were evaluated at baseline, then post-injection at 2 weeks, and at 3 months. During the first 2 weeks, all subjects received NSAIDs, and muscle relaxants. Patients unresponsive to these medications were given opioid or non-opioid analgesics after the first follow-up visit. The efficacy of injection was estimated as the changes in the pain scores from before to after the epidural injection. The Mann-Whitney U test was used for statistical analysis, with type I error rate of ＜ 0.05 was considered significant. Sample size (N = 59) was specified in advance to provide 80% power of detecting a difference in the amount of pain score change. All statistical analysis was performed on 56 subjects (excluded 3 operation patients), and SPSS software, version 14.
RESULTS
The 59 patients were randomized into 2 groups, there was no significant difference between the groups with respect to age, gender, and targeted spinal segment (Table 1) .
Mean pre-treat pain scores did not differ significantly by group (Table 2) .
At 2 weeks and at 3 months after treatment, both groups had significantly lower mean pain scores (P = 0.000)( Table 2 ), but NRS did not differ significantly between groups (Table 3) . The proportion of patients who achieved pain relief (＜50%) was not significantly different between the groups (Table 4) .
None of the patients experienced any complications, and all patients completed the follow-up visits. Of the patients given morphine, three underwent surgery.
DISCUSSION
A systematic review of 7 controlled trials found level II-1 evidence that transforaminal steroids injections is effective for the short-term relief of radicular pain [18] . Although opioid use for treatment of chronic spinal pain is uncommon, our results are consistent with this previous evidence.
In studying the effects of transforaminal tramadol, Wewalka et al. [14] recorded pain relief for most (＞90%) of their 65 infiltration (37 subjects) within 24 hours, with average pain reduction of 64%. Six months post-injection, 23 of the 34 patients available for follow-up (67.6%) had successful pain reduction of 84% on average. Similarly, Glynn et al. [19] used epidural morphine to treat patients with arachinoiditis, low back pain, and post-operative scar pain.
In the present study, the outcomes of TFEI for lumbar radicular pain did not differ significantly whether morphine or tramadol was used, but patients given morphine did trend toward greater pain reduction. Morphine is a relatively hydrophilic opioid, thought to disperse well in cerebrospinal fluid. The severity of chronic low back pain may depend more on body weight and psychological factors, rather than true the pathology such as the low-grade systemic inflammation that causes acute sciatic pain [20] . Although the anti-inflammatory actions of opioids are not well known or well understood, the analgesia generated by opioids result from the inhibition of both sensory neuron excitability and of pro-inflammatory neuropeptide release [12, 13] . Also of note, the duration of analgesia is significant longer with lumbar morphine than with tramadol [10, 21] . In present study, 3 patients had subsequent surgery during follow-up due to lack of pain reduction. These 3 patients had more increased pain pre-procedurally and well pain relief post-operatively.
In the present study, there were no morphine-, or tramadol-related complications or side effects. The limited dosages used may offer some explanation. In a study in dogs, the epidural combination of low dose bupivacaine (0.25 mg/kg) and morphine (0.1 mg/kg) was shown to have little effect on postoperative motor function [22] . However, incidences of allergic rash, itching, sedation and respiratory depression and sedation score were higher in the morphine group than in the tramadol group [9] .
We found no reference doses for morphine as a transforaminal injection in human that we used 2.5 mg in the present study [16] . However, Krane and colleagues [23] have shown that the mean duration of analgesia is significantly longer after 0.1 mg/ kg. Further study is needed to determine the optimum morphine dosage under these circumstances.
One limitation of our study is that the significant improvements in pain that we identified were not corroborated with any secondary outcomes. Second, we did not assess early post-treatment pain score (＜24 hrs or at 1 week) and no mid-or long-term follow up was pursued. Also of concern is fact that injectate volumes were not uniform, which may have bearing on pain relief. Although outcome of small (2 ml) and larger volumes (8 ml) of steroid injectate were comparable by lumbar TFEI [24] , 95% of the injectate dispersed superior to the level intended when more than 2.8 ml of contrast was injected [25] . Finally, our patients were not differentiated by nature of pain (ie, neurogenic claudication or resting, spontaneous pain).
In conclusion, although local anesthetic and corticosteroid combination is typically used for TFEI of lumbar spine, the choice of drugs used for this kind of intervention remains controversial. This study showed that the quality of TFEI analgesia achieved with either morphine (2.5 mg) or tramadol (25 mg) was similar, with morphine trending to ward greater (albeit not statistically significant) relief of radicular pain.
